The energy embodied in construction services consumed by industrial sectors used to increase capacities has led to massive energy-related carbon emissions (ERCE). From the perspective of consumer responsibility, ERCE embodied in construction services is driven by technological changes and the increases in final demand of various sectors, including final consumption, fixed assets investment, and net export. However, little attention has been paid to decomposing sectoral responsibilities from this perspective. To fill this research gap, we propose a dynamic hybrid input-output model combined with structural decomposition analysis (DHI/O-SDA model). We introduce DHI/O modeling into the estimation of ERCE embodied in construction services from the perspective of consumer responsibility and introduce SDA into DHI/O models to improve the resolution of the estimate. Taking China as a case study, we verified the DHI/O-SDA model and present the bilateral relationships among sectoral responsibilities for ERCE embodied in construction services. A major finding is that the "Other Tertiary Industry" sector is most responsible for ERCE embodied in construction services and strongly influences other sectors. Therefore, controlling the final demand increase of the service industry will be the most effective policy to reduce the ERCE embodied in construction services.
Introduction
The Intergovernmental Panel on Climate Change (IPCC) has pointed out that reducing greenhouse gas emissions can help mitigate global greenhouse effects [1] . According to the Fifth Assessment Report of the IPCC [2] , the energy-related carbon emissions (ERCE) of industrial processes accounted for approximately 65% of anthropogenic greenhouse gas emissions worldwide in 2010. To reduce ERCE, energy conservation remains an important task in addition to the development of low-carbon energy sources.
Energy conservation not only includes improving technological efficiency (such as reducing energy consumption per unit of energy services provided), but also reducing demand for energy services. Energy services can be categorized as "operation services" and "construction services" [3] .
Literature Review
Construction services directly consumed by various sectors can be quantified as a proportion of fixed assets investment. Generally, fixed assets are invested in sectors for two reasons: primarily to increase the production capacities for meeting the increasing demand on production, and to compensate for the loss in the existing production capacities of the sectors [9] . The former reason can be regarded as the demand for construction services, or construction services-related fixed assets investment (CSFAI), whereas the latter as the demand for operation services. Therefore, as an assumption, estimating the energy consumption and ERCE embodied in construction services consumed by various sectors is equivalent to calculating the energy consumption and the ERCE embodied in the CSFAI of various sectors.
The total quantities of direct and indirect energy consumed by various sectors to produce final demands (including CSFAI) are usually estimated using embodied energy analysis. The concept of embodied energy analysis, which was initially called vertical analysis, was introduced by Bullard and Herendeen [10] to describe both direct and indirect primary energy invested in production. Some studies applied embodied energy analysis to estimate the energy consumption or ERCE embodied in the fixed assets investment of various economies. For example, Fu et al. [5] estimated the embodied energy and the ERCE of various types of final demand products in China. Acquaye et al. [6] calculated the ERCE of the Irish construction sector in 2005. Liu et al. [7] calculated the energy consumption embodied in the final demand products of China's economic sectors and found that considerable amounts of energy were consumed in the "Construction" and "Other Service Activities" sectors. Huang et al. [8] estimated the ERCE embodied in the construction activities of 40 countries in 2009, which accounted for 23% of the total ERCE embodied in the global economic activities. Most of these studies applied static hybrid input-output models, which assumed fixed assets investment as a given exogenous variable rather than a result of output increases. Therefore, the responsibilities for energy consumption and the ERCE embodied in fixed assets investment were often taken by the sectors mainly providing fixed assets investment, such as the construction and manufacturing sectors.
To treat fixed assets investment as an endogenous variable and establish the relationship between fixed assets investment and the final demand increase of each sector, we decided to adopt a DHI/O method for this study. Because in the dynamic input-output model, which was developed by Leontief [11] , the fixed assets investment in various sectors is represented as a set of coefficients related to the increase in each sector's output between time series [12] . Therefore, the responsibilities of fixed assets investment are allocated to various sectors based on the total output increases. By establishing the relationship between the final demand increase and the total output changes, the fixed assets investment can be estimated from the final demand increase. To this end, Pauliuk et al. [13] built a dynamic input-output model with a comprehensive set of life cycle inventories to analyze the influence of final demand increase on fixed assets investment, and differentiated the fixed assets investment caused by construction and operation services. This is the only study we found that tried to analyze the connection between CSFAI and final demand increase. However, that study did not calculate the energy consumption and the ERCE embodied in the CSFAI.
In the field of energy analysis, the DHI/O model was introduced by Rhoten [14] . Researchers have applied DHI/O models in predicting the total energy consumption or energy consumption of different energy sources (such as coal, oil, gas, and non-fossil electricity) under multiple optimization objectives [15] [16] [17] [18] . The DHI/O models have also been adopted for analyzing the development of renewable energy [19] and bioenergy [20] . However, decomposing the responsibilities for the energy and the ERCE embodied in the fixed assets investment (especially the CSFAI) of each sector according to the final demand increase of each sector has received little attention. We speculate that this is mainly because scholars in the field of dynamic input-output modeling have not paid enough attention to the energy consumption and the ERCE embodied in the construction services sectors in developing countries. Therefore, the application of the DHI/O method in the decomposition of In addition to the increase in the final demand of each sector, technological changes may also lead to increases in the total output of various sectors, which may lead to CSFAI and energy consumption and ERCE embodied in construction services. Several previous studies have shown that technological changes can result in changes in the total output as the final demand increases of various sectors [21] [22] [23] . Therefore, by distinguishing the total output changes caused by technological changes and that caused by final demand increase, we can further improve the accuracy of the decomposition of CSFAI responsibility and improve the resolution of the calculation. This improvement can be achieved by using SDA, which was first proposed by Chenery et al. [24] to identify the influence of each factor (including the final demand increase of each sector and technological changes) on the total output change. Subsequently, many studies applied SDA to identify the contributions of the final demand increase of each sector and technological changes on the output change for various economies [25] [26] [27] [28] [29] [30] [31] . By introducing SDA into the dynamic input-output model, we can further separate the CSFAI responsibilities of each sector into one part caused by the final demand increase and the other part caused by technological changes. To the best of our knowledge, this type of study has not been conducted because previous SDA studies have overlooked energy consumption and the ERCE embodied in construction services.
Our literature review indicates that the energy consumption and the ERCE embodied in construction services can be estimated by calculating the energy consumption and the ERCE embodied in the CSFAI of various sectors. To redistribute the responsibilities for energy consumption and the ERCE embodied in CSFAI to sectors that consume the CSFAI for increasing their final demand, the DHI/O method must be introduced. Furthermore, SDA can be introduced to differentiate the output increase caused by the final demand increase from that caused by technological changes. The combination of SDA and the DHI/O model marks a new direction in dynamic input-output analysis that can improve the resolution of estimates of energy consumption and the ERCE embodied in construction services from the perspective of consumer responsibility.
Methodology and Data Preparation

DHI/O-SDA Model
This section describes the development of a DHI/O-SDA model for estimating the energy consumption and the ERCE embodied in CSFAI from the perspective of consumer responsibility. Given the strong correlation between ERCE and energy consumption, the results are displayed in terms of ERCE only. The three steps for establishing a DHI/O-SDA model are illustrated in Figure 1 .
The first step (Step 1; the dark blocks with slanting lines on the left side of Figure 1 ) involves establishing the hybrid input-output tables and preparing the data for further decomposition and estimation. Using the energy balance tables and input-output tables for different years, a set of energy-economy hybrid input-output tables are built.
The second step (Step 2; the blue blocks with vertical lines in the middle of Figure 1 ) involves using SDA to distinguish the output changes caused by the final demand increase of various sectors from those caused by technological changes. The changes in total output of various sectors are calculated by comparing the hybrid input-output tables from different years. The results of Step 2 are the changes in the output of various sectors caused by final demand increases of various sectors and by technological changes.
The last step (Step 3; the red blocks on the right side of Figure 1 ) involves estimating the energy consumption and ERCE embodied in CSFAI.
Step 3 includes three parts: (1) estimating the CSFAI quantities by the dynamic input-output method based on the output changes caused by the final demand increases of various sectors and the technological changes; (2) estimating the energy consumption embodied in the CSFAI using embodied energy analysis; and (3) calculating the ERCE caused by energy consumption using the IPCC-recommended carbon accounting method [32] .
and the ERCE embodied in construction services from the perspective of consumer responsibility.
Methodology and Data Preparation
DHI/O-SDA Model
This section describes the development of a DHI/O-SDA model for estimating the energy consumption and the ERCE embodied in CSFAI from the perspective of consumer responsibility. Given the strong correlation between ERCE and energy consumption, the results are displayed in terms of ERCE only. The three steps for establishing a DHI/O-SDA model are illustrated in Figure 1 . 
Establishment of Energy-Economic Hybrid Tables
The energy-economy hybrid input-output table is obtained by replacing the economic value of the energy sector in the conventional economic input-output table with the physical quantity of various types of energy. The final demands of each sector can be classified into final demand excluding import (FDEI) and import. The reason why import is separated from final demand is that import values are negative relative to other final demands. Therefore, in sectors with large amounts of imports, the total final demand including import may be negative, which prevents the analysis of how many CSFAI are needed in those sectors.
The direct input coefficient of sector i to sector j, a ij t , can be defined as the ratio of the economic value produced by sector i and consumed by sector j to the total output of sector j in year t. If sector i or sector j is an energy sector, the economic value should be replaced by the quantity of energy product. The Leontief inverse matrix of year t can be calculated by:
where L t represents the Leontief inverse matrix of year t, I represents the identity matrix, A t is the direct input matrix composed of a ij t , and (I − A t ) must be a non-singular matrix. At least two hybrid input-output tables for two consecutive years must be established for further analysis.
SDA
Comparing the hybrid input-output tables of years t and t + 1, the changes in some parameter matrices from t to t + 1 can be estimated by Equations (2)- (4):
final demands between the two years. The physical meaning of x t can be considered as the outputs of all sectors embodied in the final demand. Carbon emissions embodied in the outputs of all primary energy sectors in x t is the ERCE. In SDA, the change in the outputs between the two years consists of two parts: changes due to the final demand increase and changes due to technological changes. We assumed that the weight of the two parts are equal. Thus, the output changes from year t to t + 1 year can be described as:
Equation (5) produces a decomposition of the total change in outputs into two parts. The first part is attributable to technological changes and can be defined as ∆x t byL , as shown in Equation (6) . The second part represents the contribution of the final demand increase to the output changes and can be defined as ∆x t byf , as shown in Equation (7):
∆x t byf can be further decomposed into the changes in the outputs caused by the FDEI increase of each sector and the change in the outputs caused by the change of import, as shown in Equation (8):
The change in the outputs between the two years is decomposed into three categories: the change due to technological changes, the changes due to the FDEI increase of each sector, and the change due to the change of import. A more detailed derivation process can be found in Miller et al. [12] .
CSFAI Estimation, Embodied Energy Analysis and ERCE Calculation
In the traditional DHI/O model, fixed assets investment is taken as the endogenous variable of the output changes between two consecutive time instances. As discussed by Holz et al. [9] , fixed assets investment is produced for both CSFAI and operation services-related fixed assets investment. We assumed that the ratio of the CSFAI to the total fixed assets investment in various sectors is pcsfai t .
In the conventional dynamic input-output model, the capital coefficient b t ij is defined as the ratio of "the value of the output of sector i that is held by sector j as stock" [12] to the total output increase of sector j in year t. However, only the CSFAI rather than the total fixed assets investment can be taken as the result of changes in output. This capital coefficient is meaningful only when the total output increases of sector i are positive. To solve these two problems, a similar coefficient, called "positive capital coefficient" c t ij , is proposed in this paper. This coefficient is defined as the ratio of the CSFAI in sector i that is held by sector j to the sum of the positive output increases.
The definition of c t ij is based on the assumption that the CSFAI is only caused by positive output increase, and negative output changes have no effect on the CSFAI in various sectors. As energy consumption and the ERCE embodied in the CSFAI occur during the installation of fixed assets and cannot be recycled even if the fixed assets are either idle or retired, only the CSFAI caused by a positive demand increase leads to new energy consumption and ERCE. Otherwise, energy consumption and the ERCE embodied in the CSFAI in a sector with a decreasing demand is zero, but not negative. Therefore, the aforementioned assumption is reasonable when analyzing historical data because the fixed assets have been installed. c t ij can be calculated with historical CSFAI data and energy-economy hybrid input-output tables.
Because CSFAI is correlated with positive changes in outputs corresponding to the decomposition of the change in the outputs, CSFAI can also be decomposed into three categories: CSFAI due to (11) The output embodied in the CSFAI can be calculated by:
where x t CSFAI is the output embodied in CSFAI. The output of the primary energy sector represents the embodied energy of CSFAI.
The method we adopted for estimating ERCE from energy consumption is recommended by the IPCC [32] . As carbon dioxide (CO 2 ) is the most important greenhouse gas, the ERCE in this paper only focuses on CO 2 . The ERCE resulting from the embodied energy can be estimated by Equation (13) as follows:
where Q EE is the quantity of one type of embodied energy, LHV EE represents the low heat value of the embodied energy, and f CO2,EE is the CO 2 emission factor of the embodied energy. ERCE is the sum of the CO 2 emissions of all types of embodied energy, and f CO2,EE is determined by the carbon content of the embodied energy and the carbon oxidation rate. The basic assumptions of DHI/O models still apply, such as energy supply equals energy consumption, and there is only one type of product in most sectors. There are three other assumptions. First, the installation process of fixed assets begins and ends within the same time series. Second, the fixed assets invested in the last time series play a role in the industrial production of the next time series. Third, each sector operates on a certain activity in each time series.
Data Preparation
As a rapidly developing country, China is the largest carbon emitter in the world. From 2008 to 2010, the Chinese government spent a lot of money to promote economic development, a large part of which were used for construction services, including infrastructure construction and expansion of industrial capacity [33] . This period is special and important for the analysis of China's construction services. The energy embodied in construction services constitutes a large part of the total energy consumption in China [4, 5] , which has led to a massive ERCE. Estimating the ERCE embodied in construction services and identifying which sector is key to reducing the ERCE embodied in construction services consumed by China are necessary. Therefore, taking China from 2007 to 2012 as an example can demonstrate this model, and can also provide some data support for China to create and change relevant policies.
In this study, we adopted the input-output tables for China for 2007 [34] , 2010 [35] , and 2012 [36] [38] were adopted to set the proportion of fixed assets invested by each sector. The pcsfai of sector 04 in 2007, 2010, and 2012 and related assumptions were obtained from the study of Zhang et al. [39] . Due to lack of pcsfai data, we set other sectors' pcsfai to the same value as that of Sector 04 (Electric Power). This assumption is reasonable as discussed by Zhang et al. [39] .
For simplicity, we assumed the carbon oxidation rate to be 100%. We also adopted a low heat value and CO 2 emission factor of each primary fossil energy source from IPCC [32] , as shown in Table 1 . 
Results, Uncertainties and Discussions
ERCE Embodied in CSFAI Caused by Each Sector
The ERCE embodied in the CSFAI caused by the final demand increase of each sector (including FDEI increases and import) and technological changes is shown in Figure 2 . For simplicity, we assumed the carbon oxidation rate to be 100%. We also adopted a low heat value and CO2 emission factor of each primary fossil energy source from IPCC [32] , as shown in Table 1 . 
Results, Uncertainties and Discussions
ERCE Embodied in CSFAI Caused by Each Sector
The ERCE embodied in the CSFAI caused by the final demand increase of each sector (including FDEI increases and import) and technological changes is shown in Figure 2 . Import and Tech (technological changes) have been causing the ERCE embodied in CSFAI during each time period. Classically, the overall effect of technological changes should be to reduce the ERCE of an economy. However, based on the assumptions in this paper, Import and Tech (technological changes) may cause the ERCE emitted. Because technological changes also increase the demand of some sectors, which causes an increase in construction services; in turn, energy consumption and ERCE embodied in CSFAI increase. In this study, technological changes mainly caused output increases in sector 21 (Other Tertiary Industry), sector 04 (Electric Power), and five other sectors. The increase in the output demand of sector 21 (Other Tertiary Industry) is because many tertiary industries related to technology development, such as technical services and scientific research, are included in sector 21 (Other Tertiary Industry). More high-tech products were powered Import and Tech (technological changes) have been causing the ERCE embodied in CSFAI during each time period. Classically, the overall effect of technological changes should be to reduce the ERCE of an economy. However, based on the assumptions in this paper, Import and Tech (technological changes) may cause the ERCE emitted. Because technological changes also increase the demand of some sectors, which causes an increase in construction services; in turn, energy consumption and ERCE Industry) . More high-tech products were powered by electricity, which resulted in the output demand increase of sector 04 (Electric Power). The ERCE embodied in the CSFAI caused by technological changes was greater after 2010, which may be related to China's technological innovation policy. The Chinese government paid more attention to scientific and technological innovation after 2010. At the 18th National Congress of the Communist Party of China in 2012, innovation was considered an important development strategy for China [40] .
Based on the distribution of sectoral responsibility from the perspective of consumer responsibility, the responsibilities for energy consumption and the ERCE embodied in construction services undertaken by some sectors were different than those reported in previous studies. For example, sectors 06 (Ferrous Metals) and 08 (Non-metallic) were considered to be responsible for the huge energy consumption and the ERCE embodied in the construction services, as argued in this paper. These two sectors consumed huge amounts of energy to provide fixed assets investment (11% and 5% of the total intermediate energy consumption by all the sectors in 2012, respectively). However, the ERCE embodied in the CSFAI caused by the FDEI increase in sectors 06 (Ferrous Metals) and 08 (Nonmetallic) only accounted for less than 1% of all the ERCE embodied in CSFAI in all sectors. This occurred because the huge quantities of energy consumption and ERCE in these two sectors for producing CSFAI was attributable to the final demand increase of other sectors, especially sectors 21 (Other Tertiary Industry) and 18 (Construction). This result reflects the necessity of redistributing sectoral responsibilities for ERCE embodied in construction services energy consumption from the perspective of consumer responsibility. Unlike previous studies, the result of this paper clarify the importance of sector 21 (Other Tertiary Industries), instead of manufacturing sectors, in reducing ERCE embodied in construction services.
ERCE Embodied in CSFAI Caused by Sectoral a Unit of FDEI Increase
Based on the DHI/O-SDA model, the ERCE embodied in the CSFAI consumed by each sector caused by a unit of FDEI increase of each sector were estimated. Table 2 shows the format of the results obtained. directions. In the horizontal direction, there are three indicators: (1) ER, which is the ERCE embodied in the CSFAI consumed by each sector caused by a unit of FDEI increase in any specific sector; (2) TE, which is the sum of the ER in each sector caused by a unit of FDEI increase in any specific sector; and (3) PEC, which is the proportion of ER in the TE caused by a unit of FDEI increase in any specific sector.
ER ij is an element of the results table. The ER in each sector represents the ERCE embodied in the CSFAI consumed by each sector when the FDEI in any specific sector increases by one unit (meaning the increase in one sector leads to ER in n sectors). By analyzing ER, we can determine which sector will produce the most ERCE embodied in construction services because of a unit of FDEI increase in any specific sector.
TE is sum of ER ij in a row, which can be estimated by Equations (14) . The TE caused by sector i represents the total influence of a unit of FDEI increase in sector i on the total ERCE embodied in the CSFAI. By analyzing TE, we evaluated the efficiency of reducing the ERCE embodied in the CSFAI by restricting the FDEI increase of sector i:
PEC is the proportion of ER ii to the TE of sector i, which can be estimated by Equation (15) . PEC represents the driving influence of sector i's unit FDEI increase on the CSFAI in various sectors. The higher the PEC, the less the FDEI increase of the sector results in the CSFAI in other sectors:
In the vertical direction, the results demonstrate the influence of each sector's unit FDEI increase on the ER in one sector (meaning the increase in n sectors leads to ER in one sector). The results can be used to identify the sector for which the FDEI increase would be most influential in causing ER in the target sector.
Appendix A unit FDEI increase in most sectors caused a relatively high ER in sector 21 (Other Tertiary Industry), which indicates that the increase in the FDEI in various sectors requires a large increase in products from sector 21. The products of sector 21 provide important support for the CSFAI caused by the FDEI increase in various sectors. Therefore, although not directly providing most of the construction services, sector 21 is key to conserving construction services from the perspective of consumer responsibility.
TE
The TE caused by each sector's FDEI increase is shown in Figure 3 . Figure 3 . In 2007-2012, the TEs caused by a unit increase in FDEI in sector 14 (Textile), sector 21 (Other Tertiary Industry), and sector 04 (Electric Power) remained high and were always more than 6t CO2. Therefore, an increase in the FDEIs of these three sectors would lead to the fastest increase in the ERCE embodied in the CSFAI in China. However, as the total quantity of the ERCE embodied in the CSFAI caused by sector 14 (Textile) and sector 04 (Electric Power) was small, policy makers might not focus on these two sectors to reduce the ERCE embodied in construction services. Sector 21 (Other Tertiary Industry) was in the top five sectors on the TE list in 2007-2012. The total quantity of ERCE embodied in the CSFAI caused by the FDEI increase in sector 21 was also the largest. Thus, to reduce the energy consumption and ERCE embodied in construction services, the most efficient approach would be to restrict the FDEI of sector 21.
PEC
The PEC of each sector is shown in Figure 3 . In 2007-2012, the PEC of some sectors, such as sectors 21 (Other Tertiary Industry), 14 (Textile), and 04 (Electric Power), were more than 50%. Therefore, an increase in the FDEI of these three sectors would cause most of the ERCEs embodied in CSFAI in their own sectors, which has relatively little impact on the ERCEs embodied in the CSFAI of other sectors. When the FDEI of these three sectors increases, other sectors consume only a little of the ERCEs embodied in CSFAI. In 2007-2012, the TEs caused by a unit increase in FDEI in sector 14 (Textile), sector 21 (Other Tertiary Industry), and sector 04 (Electric Power) remained high and were always more than 6t CO 2 . Therefore, an increase in the FDEIs of these three sectors would lead to the fastest increase in the ERCE embodied in the CSFAI in China. However, as the total quantity of the ERCE embodied in the CSFAI caused by sector 14 (Textile) and sector 04 (Electric Power) was small, policy makers might not focus on these two sectors to reduce the ERCE embodied in construction services. Sector 21 (Other Tertiary Industry) was in the top five sectors on the TE list in 2007-2012. The total quantity of ERCE embodied in the CSFAI caused by the FDEI increase in sector 21 was also the largest. Thus, to reduce the energy consumption and ERCE embodied in construction services, the most efficient approach would be to restrict the FDEI of sector 21.
The PEC of each sector is shown in Figure 3 . In 2007-2012, the PEC of some sectors, such as sectors 21 (Other Tertiary Industry), 14 (Textile), and 04 (Electric Power), were more than 50%. Therefore, an increase in the FDEI of these three sectors would cause most of the ERCEs embodied in CSFAI in their own sectors, which has relatively little impact on the ERCEs embodied in the CSFAI of other sectors. When the FDEI of these three sectors increases, other sectors consume only a little of the ERCEs embodied in CSFAI.
Analysis in the Vertical Direction
Two sectors in 2010-2011 were selected as target sectors to illustrate the vertical analysis. Sector 04 (Electric Power) is adopted as a common case, and sector 06 (Ferrous Metals) is adopted as a special case. The result of sector 04 (Electric Power) is relatively common for most sector, because a unit FDEI increase in sector 04 (Electric Power) caused the most ER in this sector. Besides sector 04 (Electric Power), a unit FDEI increase in sector 07 (Non-ferrous Metals), followed by sector 09 (Chemical) and sector 08 (Non-metallic), caused the most ER in sector 04 (Electric Power). The production of these sectors requires a huge amount of electricity. To produce more FDEI in these sectors, sector 04 (Electric Power) needs to expand production capacity to provide more electricity, which results in more ER. Therefore, to restrict the energy consumption and the ERCE embodied in the CSFAI consumed by sector 04 (Electric Power), reducing the FDEI increase in sector 04 (Electric Power) would be the most efficient strategy, whereas decreasing the FDEI of sector 07 (Non-ferrous Metals), sector 09 (Chemical), and sector 08 (Non-metallic) would be less efficient.
The result for sector 06 (Ferrous Metals) is a special case because the FDEI in sector 06 (Ferrous Metals) decreased in 2010-2011. The most ER in sector 06 (Ferrous Metals) was caused by a unit FDEI increase in sector 12 (Machinery), followed by sector 13 (Automobiles) and sector 18 (Construction). Sector 06 (Ferrous Metals) provides the main materials for the production of these three sectors, so it is reasonable for a large increase in ER in sector 06 (Ferrous Metals) to be caused by a unit of FDEI increase of these sectors. Therefore, instead of continuously reducing the FDEI in sector 06 (Ferrous Metals), restricting the FDEI in sector 12 (Machinery), followed by sector 13 (Automobiles) and sector 18 (Construction) would be most efficient to reduce the energy consumption and the ERCE embodied in CSFAI consumed by sector 06 (Ferrous Metals). This result could be a reference case for policy makers to eliminate capacity expansion in sector 06 (Ferrous Metals), which is an important task stipulated by the State Council of China [41] .
The results of vertical analysis are useful for policy makers to reduce energy consumption and ERCE embodied in construction services consumed by a specific sector. From the vertical analysis of the results, it can be found that the energy consumption and ERCE embodied in construction services consumed by a specific sector is affected by the FDEI increase of several sectors, or even all the sectors, in the economy to varying degrees. Therefore, to reduce energy consumption and ERCE embodied in construction services consumed by a specific sector more efficiently, policy makers need to consider not only the restriction of the FDEI of the specific sector itself, but also the impact of the FDEI increase of each sector on the specific sector, and make a systematic policy. To this end, it is necessary to adopt the vertical analysis proposed in this paper, which can provide quantitative data support.
Uncertainties and Discussions
Verification of the Model Result
To verify the validity of our model and estimation, we compare ERCE embodied in the final demands of various sectors of China in 2007 estimated separately in our paper with those of Fu's work. In this paper, the result of the total ERCE responsibility of China in 2007 was 5.9 Gt. The results of this paper are reasonable in comparison to those of Fu et al. [5] , where the total ERCE of China in 2007 was reported as 6.3 Gt. The total ERCE result of these two papers are close, with the main reasons for the difference are the different processing methods for system errors in the energy balance tables and the input-output tables and different carbon emission factors.
Comparisons with the Results from 2012 to 2015
To compare with the new development in China, we update the analysis results of decomposing ERCE embodied in CSFAI to various sectors from the perspective of consumer responsibility from 2012 to 2015, as shown in Figure 4 .
After 2012, the main reasons for China's ERCE embodied in CSFAI are the increase in the FDEI of sector 21 (Other Tertiary Industry), the increase in the FDEI of sector 18 (Construction) and technological changes. The proportion of ERCE embodied in CSFAI caused by these three factors in total ERCE embodied in CSFAI increases from to 2012, which is that sector 18 (Construction) and 21 (Other Tertiary Industry) bear the highest responsibility for China's ERCE embodied in construction services, and should be given priority attention in reducing ERCE embodied in construction services.
Comparison of DHI/O and DHI/O-SDA Models
The purpose of our paper is to observe the responsibility of ERCE embodied in CSFAI caused by the final demand increase of each sector. However, the construction services will be caused by technological changes and the increase of sectoral final demand at the same time. Therefore, it is necessary to remove the impact of technological changes on construction services. SDA was used to 
The purpose of our paper is to observe the responsibility of ERCE embodied in CSFAI caused by the final demand increase of each sector. However, the construction services will be caused by technological changes and the increase of sectoral final demand at the same time. Therefore, it is necessary to remove the impact of technological changes on construction services. SDA was used to remove the impact of technological changes by distinguishing the output increase caused by the final demand increase of various sectors and the output increase caused by technological changes. Without the SDA, the total output increase caused by technological changes would be apportioned to the total output increase caused by the change in final demand, and the ERCE embodied in the CSFAI caused by final demand increase would contain an uncertain proportion of influence due to technological changes. This coupling of impacts would prevent policymakers from analyzing the impact of the increased final demand of each sector on construction services and the ERCE caused by construction services.
We used China in 2010-2011 as an example to illustrate the difference between with and without SDA in the DHI/O model to estimate the ERCE embodied in the CSFAI, as shown in Figure 5 . Here, the results of most sectors are affected by the SDA method. Without SDA, the estimation of ERCE embodied in the CSFAI of sector 08 (Non-metallic), sector 09 (Chemical), sector 18 (Construction), sector 21 (Other Tertiary Industry), and Import are significantly higher, and the impact of technology changes cannot be analyzed. sector 21 (Other Tertiary Industry), and Import are significantly higher, and the impact of technology changes cannot be analyzed. 
Sensitivity Analysis of pcsfai t
The pcsfai t of various sectors was assumed to be the same as that of sector 04 (Electric Power), which is a relatively common sector that directly influences the CSFAI. We analyzed the sensitivity of each sector's pcsfai t to the ERCE embodied in the CSFAI caused by the sector in 2010-2011, which is the ERCE responsibility of each sector from the consumer side, as shown in Figure 6 . 
The pcsfai t of various sectors was assumed to be the same as that of sector 04 (Electric Power), which is a relatively common sector that directly influences the CSFAI. We analyzed the sensitivity of each sector's pcsfai t to the ERCE embodied in the CSFAI caused by the sector in 2010-2011, which is the ERCE responsibility of each sector from the consumer side, as shown in Figure 6 .
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The pcsfai t of various sectors was assumed to be the same as that of sector 04 (Electric Power), which is a relatively common sector that directly influences the CSFAI. We analyzed the sensitivity of each sector's pcsfai t to the ERCE embodied in the CSFAI caused by the sector in 2010-2011, which is the ERCE responsibility of each sector from the consumer side, as shown in Figure 6 . The influence is linear and the ERCE embodied in the CSFAI increases with pcsfai t . The results show that an influence of a 20% change in pcsfai t in most sectors will cause changes of less than 10% in the ERCE responsibility of the sector. The ERCE embodied in the CSFAI caused by sectors 14 (Textile), 21 (Other Tertiary Industry), 19 (Transport), and 01 (Coal) are most affected by changes in pcsfai t . Therefore, for some sectors, pcsfai t has an impact on their ERCE responsibilities, so we should estimate the pcsfai t of each sector as accurately as possible. For 9 of the 21 sectors, the changes in pcsfai t have little effect on their ERCE responsibilities (changes less than 5%), so they can be said to be insensitive to changes in pcsfai t .
Statistical Error Analysis
The statistical errors in this paper mainly come from the errors of input-output tables and energy balance tables published by NBS. The errors of input-output tables are mainly caused by the unequal total input and output of each sector in the table, whereas the errors of energy balance tables are mainly caused by the difficulty in accurately measuring losses in energy conversion, utilization and transportation. In this paper, we deal with the errors as one of the final demands in the DHI/O-SDA model. There are two advantages of this treatment. First, it guarantees the balance of input and output in the input-output tables and energy balance tables. Second, the position of the errors in this model is consistent with it in the original input-output tables and energy balance tables, without introducing new assumptions and errors. However, this will inevitably lead to some errors in the intermediate production of some sectors to be calculated as errors in the final demand, which will result in the inaccurate estimation of the direct input matrix A. The calculation based on matrix A will have different degrees of errors. Because there is a strong correlation between the input and output of each sector in the input-output model, statistical errors of any sector may affect the calculation results of all sectors in the model.
Limitations of the DHI/O-SDA Model
In addition to the common limitations of the hybrid input-output model, the DHI/O-SDA model has two main limitations, corresponding to its main assumptions. The first limitation is that some of the fixed assets may not be installed in one time step, as assumed in this study. Some fixed assets are invested to meet the final demand increases of the next several time steps. To simulate this phenomenon, it is necessary to set a construction delay in the fixed assets and to classify the CSFAI into several categories caused by the final demand increase in various time steps. This approach requires using a ratio to determine the quantities in each CSFAI category. With more detailed data and longer time series data, these multiple time step influences on CSFAI could be analyzed by a multiple time delay model, which would give a full view of the energy consumption and ERCE embodied in the CSFAI from time series. The development and testing of multiple time delay models could be the subject of future research work.
The second limitation is that the DHI/O-SDA model does not take into account the changes in capacity utilization rate in various sectors. We assume that the capacity utilization rate of each sector has always been constant, so when the production demand increases, sectors need to consume construction services to meet the higher production demand. However, there is another way for sectors to meet higher production demand, which is to maintain the existing production capacities but increasing capacity utilization rate. To introduce the influence of capacity utilization rate on the quantities of construction services consumed by various sectors in the model, it is necessary to establishing mathematical relations between the capacity utilization rate of each sector and its production demand gap. The model with these relations can better reflect the changes in energy consumption and ERCE embodied in construction services of the economy caused by the increase of sectoral final demand. This will also be another subject direction of improving this DHI/O-SDA model.
Conclusions and Policy Implications
A DHI/O-SDA model was proposed in this paper. Using this model, the ERCE of construction services (or CSFAI) due to the final demand increase in various sectors and technological changes can be estimated, and the key sector for reducing the ERCE embodied in construction services can be identified. The ERCE embodied in construction services consumed by each sector caused by a unit of China in 2007-2012 was used as a case study to demonstrate our DHI/O-SDA model. The main findings by the DHI/O-SDA model, which can't be revealed by previous models, are: (1) the final demand increase in sector 21 (Other Tertiary Industry) was the main cause of the ERCE embodied in construction services. (2) For most sectors in China, a FDEI increase in one sector causes the greatest ERCE embodied in construction services consumed by the same sector. A FDEI increase in most sectors causes a relatively high ERCE embodied in construction services consumed by sector 21 (Other Tertiary Industry). (3) The vertical analysis of model results for a target sector provide data support for formulating policies for reducing the ERCE embodied in construction services.
The Chinese government has realized the importance of reducing construction services for energy conservation and ERCE reduction. It has published extremely strict policies to restrict capacity expansion in the major industries providing construction services (such as the steel industry and the cement industry) in order to restrict the continued consumption of construction services in these industries. For example, China's State Council has issued two policies that strictly prohibit new production capacity in the steel industry [41] and cement industry [42] . These policies are reasonable in China, because the capacity utilization rate of these industries is not saturated. However, if China continues to build infrastructure and let the tertiary industries such as real estate develop at a rapid pace as in recent years, it is debatable whether it is appropriate to continue to implement these policies. First, after the capacity utilization rate of the steel industry and the cement industry has reached saturation, these two industries must consume construction services to provide more products to meet the increased final demand of other sectors. Second, the effect of simply preventing the steel industry and the cement industry from consuming construction services to reduce energy consumption and ERCE embodied in construction services may not be as effective as controlling the increase in final demand of tertiary industries such as real estate. Our paper can provide quantitative data support for this debate. The DHI/O-SDA model can estimate the amount of construction services that the steel industry and the cement industry must consume as final demand increases in other sectors after capacity utilization rate is saturated, and the energy consumption and carbon emissions embodied in the construction services. The results show that for reducing the ERCE embodied in construction services consumed by one specific sector, we must analyze all the sectors that affect the specific sector and implement a systematic control policy, rather than just restrict the FDEI of the specific industry itself.
Considering the significant regional disparity in energy and industry development across the world, future application of the DHI/O-SDA model in other developing regions would be insightful. The model can be modified to include a multiple time delay function. Another potential future study would involve building mathematical relations between the capacity utilization rate of each sector and its production demand gap in the model. The model can also be used in forecasting energy consumption and the ERCE embodied in construction services caused by various influencing factors. 
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Appendix B
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